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— ° l This'Inventlon is directed * 

be used as drugs, v.ccmes. dxagnostj = 9 ^ 
treatments. The invention ^ Prote inaceous 

— ■ - « *— ^ which Bi " l ° 

substances produced by reco 
arowth-inducing molecules of interest. 

Background of the ""'^^ DNA techniques give 
contemporary recow. numbe rs of novel 

dentists the ^££"^>- 

DHA sequences, BNA sequ leculcs , by mimicing their 

proteins. See of £~ blolo ,ie.lly active 

natural counterparts, have P ^ ^ drugs , 

, properties and can * ' t „ atBents for autoimmune 

novel vaccines. •"^£ l £^ Bt . as veil as other uses, 
diseases and new «"^ M "« ' ' 6equence s. F»a sequences. 
M thou,h large numbers of «*1 »• ^ gene „ ted 

peptides, polypeptides and prot «"» M! ,«, filed 

10 by Ballivet and Wtff—; j *^ te4 herein by 

6/1 V85. -bich is • pe " li ;; t U a y u ^molecules produced 
reference, can be produced not .11 ly active. 

by recombinant DKA technique .« ^ £or ^icMy 

Consequently, there exists . need J tiolo , iM »V 
25 end easily screening those 



active molecules. 
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Some types of tuoors have been found to 
proiifer.te by ee.ns of en eutocrine .echanis. or growth 
sti.ul.ting feedbec* loop. Kith this ^^ule lL he 
vhicn has a receptor for a growth- indue ng 
stimulated to grow and divide by producing and secreting 
r t .1 growth-inducing .olecule which then binds to the 
receptor on or in the e..e cell. For ex.Bple. some 
neoplastic tr.nsfors.tion of cells by oncogenes and 
cercinogens is believed to result in the production of 

factors, So.e of these growth factors .re .bl. to 
Ti^oThe r «ptors on the cell th.t secretes the,, and 
t induce behavior indictive of . transformed phenotype 
'wlich grows .nd divides uncontroUebiy. ^ ^on 

h .v. demonstrated an autocrine .echemsm of 
whereby production and secretion of growth ^ 
cell which then bind to its own receptors by that 
le .ds to uncontrolled sti.ul.tion of the cell own , 

Stemei-SU (Science US: "1-324. »»'■> 
constructed in . vector a novel oncogene which expressed 
, epi.er.ai growth f.ctor _ ^^Z^ h.d 

vector w.s tr.nsfor.ed into . popul.tion of cells 

receptor, on their surf.cs. The «.nslat-P d« 
., this novel oncogene was secreted fro. each "»" s ' 0 ™ 
cell .nd induced rocus for..ti,n — ~ 

5 own SGT receptor. Thus focus formation is the c 
of autocrine loop closure .nd chronic eutocrine 
sti-ul.tion^ ^ of ^ foM9oing ^ ^ desired to 

provide repid. ...y methods for "^^""Zts 
J0 substence. which .i.ic growth-inducing «lecule» «^ 

tor selecting cell, which produce P roteiMce °"' "T r 

which .imic growth-inducing .decu!.. »d 

seiectin, eynthetic genes which code for P'^n'ceo 

substances which .i.ic growth-inducing .olecul... 
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Sumary of tbe Invention 

This invention is directed to methods for 
selecting proteinaceous substances which mimic 9rovth- 

, Macules The proteinaceous substances can be 

inducing molecules. me v aro vth- 
peptides, polypeptide, er protein*. The choice of arovth 
inducing .oiecule is erbitrery. since the method of the 
invention is not restricted to eny perticuler type of 
g rovth-indu=in, .olecule. Specific exenples inc ^ 
Ipidereel growth f.ctor (EOF) . dexe.eth.sone end «""9^- 
cen."hich retire . growth-inducing .olecule to striate 
""growth end division end which neve been tr.nsfomed by 
reco.bin.nt DNA technique to secrete proteineceous 
substences not nor..lly secreted by the cells ere supplxed 
with . arovth .ediu. deficient in the growth-inducmg 
lolecul. end the cells ere then grown in the .edxu.. The 
' .uoset of cell, which grow end divide er. then collected 
^ the proteineceous substence produced by the subset of 
"u. is then isoleted. In preferred enbodinents of the 
invention the proteineceous substences ere the tr.nsletxon 
. troauc" o« ">« synthetic genes in the expression vector. 

Mov.1 peptides, polypeptides or proteins which 
,i.ic the growth-inducing -olecule will bind to the 
receptor tor the .olecule. thus closing the eutocrme loop 
end sti.ul.ting cell growth end division Thisproce s 
.5 ellows the repid end eesy detection of cells which secrete 

rSTJSTS: which potenti.lly 

have growth-inducing ectivlty. 
30 The invention is else directed to "thods of 

.electing cell, which produce . proteineceous substence 
which »i»ics . growth-inducing .olecule Cells 
require . growth-inducing .olecule to sti.ul.te cell gro 
^division .nd which cell. hev. been tr.nsfor.ed by 
,5 reconblnent DMA technique to 

substences not nornelly produced by the 

with . growth .ediu. deficient in the growth-inducing 

2 .cull. The cells ere then grown in the .ediu. end 
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~a Hwide are then isolated. 
* ^uc which qrow and diviae ai 
subset of cells vhicn g inve ntion the proteinaceous 

4« expression vector. 

qenes in 7 „ further rel .«s to P«=esses fo 

. • a synthetic genes which code lor . proteinaceous 
selecting syntneci w (nduc inq molecule, 

substance which mimics . wrowth-inaucing ^ 
Expression vectors which contain synthet c gen ^ ^ 
tor . proteinaceous substance ara^ used t ^ 
!„ which reguir. a growth-inducing molecul e ^ 
,rowth end division thereby causing durt o£ 

'proteineceous substance . i s ^ 
the synthetic genes in the d efici.nt in 

transformed cells ere grown in ^ growth ^ 
1S the growth-inducing molecule The subset ^ 

r r rssrrr «. - - - 

20 easily harvested. 

■-^^tart^^ to « se^ces 

which are the result or ""^•^erf^se^nces 
tschniques. -;'^Tn . lUoaome. Synthetic genes 
25 as they are found in-lit- » ull sto chastic ON* 

include stochastic (random) are COTpo . ed of 

sequences as well as l» «^ enC " ' 1c DMA 

p.£s of a natural DKA > 8ynthetic 

sequences or particular «-U*M«. Th* o£ 
jo gene also includes DHA sequences composed of 
30 gene ais . , v . d (r0B natural genes. 

- sequences derived^ ^ _ « 

techniques of producing synthetic "lis 
ssguences into expression vector s„d t ^ 
j 5 with expression vector. ^ ^ ^ ln de t.il 

^rrr .: s ctr rmed . - 
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which has two subsections, A.Production of Synthetic Genes 
and B. Transformation of Cells. 

Recombinant DNA Technique 
Although a large number of methodologies may be 
5 employed in the practice of the invention, the following 
are illustrative of certain, preferred embodiments. 
A production of Synthetic Genes 

Commercially available, prepared restriction 
enzyme linkers which can be ligated in random order and 
10 generate codons for all twenty amino acids without 

generating stop codons in any reading frame or in either 
orientation (e.g. octameric linkers purchased from New 
England Biolabs) are used in the invention. Examples of 
linkers suitable for use in the invention include Clal, 
15 Hdel, Hindlll, Sail, PstI and EcoRI. E ^ 0lar .° r ^ A 
mixtures of the linkers are ligated together using T4-DNA 
ligase (Boehringer and Mannheim Biochemicals) using the 
procedure of Maniatis «tjl. , Molecular Cloning, A 
Laboratory Manual, (Cold Spring Harbor Laboratory, 1982), 
20 which is specifically incorporated herein by reference. 
After ligation is complete, the ligated linkers are 
partially digested with one or several of the restriction 
enzymes for any of the linkers used to make the sequences 
sTes EcoRI enzyme (Boehringer and Mannheim Biochemicals 
5 according to the manufacturer's instructions The digested 
mixture is then separated on a gel such as a 0.7% agarose 
gel using a standard borate buffer system according to the 
Lthod of Maniatis (see reference above). The fragments of 
desired size range (s) of DNA sequences are cut from the gel 
,0 and isolated according to the method of Maniatis tfjl. , 
(see above reference) . The isolated fragments are then 
cloned into a restriction enzyme cleavage site or sites of 
an expression vector that causes secretion from the .cell of 
the peptide or protein which is the translation product of 
35 the synthetic genes which have been cloned into the 

expression vector. Tt „„ c , 
For example, the expression vector P UCDS3 
constructed according to the method in Stern et_al., 



25 
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Science Z2S= «!-«»■ (»«> * hiCh '""^TeL 
incorporated herein by reference, can be used in the 
^ion This expression vector is constructed by 
™ ! I 'pre " which consists of e partial S.u 3* fragment 
S c ZTZ:^ Hoioney .urine leukemia virus ion, terminal 
... ,ttk> cloned into the Bam HI site of PUC13. 

elector was constructed by a. Morgenstern end H. 
ZTo the -itehead Xnstitute. The single Bco Pi site of 
£ - -troyed by cleaving with ^J^^ 
,4 to nroduce pFBl RI. The Nde I-Pst 1 

" heavy chain co.pieoent.ry . 

incorporated herein by reference, which contains sequenc 
endcoding the signal peptide, was modified by 
» oligonudeotide-dir.cted mutagenesis according to the 
method of Dalbadie-HcF.rl.nd. ^ . •«»• 
™, „ s . „ : 6409, (1982) which is speoifically 

orporatedtrein by reference, to create an - HI site. 
The 7ragment exoi.ed by cleavage at *h. Ave « 
20 upstream fro. the coding sequences and at the ne y 

eco Rl site was joined to pFB EI cleaved with sal I and 
Hi d HI by using xva II-ps.udo-sal , c - 
* «™ vield PUCDS2. A chemically synthesized gen 

" rsp^duy elst — : - - : 

EcoTl l te and up.tr.ao ..fences encoding the first three 
Tino acU. of immunoglobulin and 
p„C8. The Hp. I— HI fragment containing th SV.O 
,0 Uy.-~yl.tion sit. was provided with 

fabd Be. HI-Hind III .dapters and cloned into pUCB 
UTeenTto the BCF gene. The Bco Hl-Hine XXX 
containing the EOF gen. end PO^ylet ton. « ^ 
cloned into pOCOS2 to produce PBCDS3. The expr 
35 f. modified by removing the fragment containi . ^ • 
epidermal growth factor (EOF) gene using restri 

sail and EcoHl. The expression vector is then 
purified by methods known in the art. 
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The ligated linkers are partially digested using 
Sail and EcoRl restriction enzymes and the fragments are 
purified and isolated as described above. The fragments 
are then ligated into the purified expression vector using 
5 T4-DNA ligase. Other expression vectors which cause the 
cell to secrete from the cell the peptide or protein coded 
by the synthetic gene are also useful in the invention. A 
signal peptide can be cloned into expression vectors 
without a signal peptide in a position adjacent to the 
10 synthetic genes coding for the peptides or proteins to 
cause the cell to secrete the peptides or proteins Using 
methods Known in the art. Signal peptides such as a mouse 
immunoglobulin heavy-chain signal peptide 
sequences of Kaiser Science 23*: 312-317, (1987) 

15 nay be used in the invention. 

The ligated linkers should be partially digested 
with the same restriction enzymes used in the expression 
vector to create the site for the synthetic genes so that 
the ends of the ligated linkers will fit the restriction 
20 enzyme sites. However, if the ligated linkers have not 
been partially digested in this way, the ends of the 
fragments can be modified using other cloning procedures 
Known in the art for these and other synthetic genes such 

as blunt end ligation. 
25 The library of synthetic genes cloned into the 

expression vectors is then inserted into cells which lack a 
growth-inducing molecule. 
B. Transformation of cello 

calla can b. transfscted by aethods auch as the 
,0 calcium pho.ph.te copr.cipit.tion aethod of KigUr «tjU. 
call 111 223-232 <»"> ' *»» PolY«thylene glycol 6000 
calciua pho.ph.te treataent aethod of Sutherland and 
Bennett, Cancer Research 11111= 2760-2772. <»">;« 
Sutherland Bl.il. . *oc. Hatl. Acad. sci. us* U121< 
35 2603, (1985), or the el.ctropor.tion aethod of Toneguizo St 
H M l. cell Biol. 1121= 30,-706. ,1966, or Potter * 
S. Pxoc. Hatl. Acsd. sci 11= 7161-7165. ,».«>. 
which are specifically incorpor.ted herein by reference. 
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Cell Culture 
Cells which need a growth-inducing molecule to 
stimulate cell growth and division are suitable for use in 
the invention. Human diploid fibroblast cells such as KI- 
5 3 8 a cell line which requires the addition of exogenous 
growth factors to stimulate cell growth and division or B 
lymphocytes are exemplary for use in this invention. These 
cells are transformed with expression vector which includes 
synthetic genes as provided above. In the case of WI-38, 
10 the cells are then grown according to the method of 

Phillips and Cristofalo, Experimental Cell Research ^ 
297-302, (1981), except that the medium does not include 
the growth-inducing molecule which is being sought. 

cells which grow and divide in this medium are 
15 then presumed to be synthesizing a proteinaceous substance 
which mimics the growth-inducing molecule not included in 
the medium. This proteinaceous substance is the 
translation product of the synthetic genes which were 
inserted into the cell via the expression vector. These 
20 cells are isolated and the proteinaceous substance 
characterized using methods for identifying 
polypeptides and proteins known in the art. Methods used 
to ioentify the proteinaceous substance will vary according 
to the type of proteinaceous substance. 
25 It is within the scope of the invention to select 

proteinaceous substances which mimic arbitrary antigens, 
i.e. the selection method can be used to search for 
proteinaceous mimics of any antigen of interest, Inthx. 
case, synthetic genes inserted into an expression vector, 
30 such as the system described above, " 
lymphocytes, or other immune system cells, with antibody 
receptor molecules on their surface against the same 
external antigenic determinant. If a proteinaceous 
substance produced by a B lymphocyte which is the 
35 translation product of the synthetic genes mimics the 
.ntiaen this proteinaceous substance will bind to 

ll^on -t B oocyte v„i= h «e xunet = « 
receptors. This oindino of tne proteinaceous substance 
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which mimics the antigen should stimulste the iymphocyte to 

dlVlde " The proteineceous substances which mimic the 
crovth-inducin, molecule of interest ere believed „ be 
5 useful as drugs, vaccines, diagnostics or .« lar Purpose 
It is also within the scope of the invention to 
select novel genes which produce the P«" ina «° U ? 
.ubstances which mimic the growth-inducing molecule of 
Merest. After a proteineceous substance 
10 which mimios the growth-inducing molecule of interest, 
agression vector which carries the genes for the 
0^""™ substance is removed from the cell, which 
roTel proteineceous substance Then the egress- 

15 the sequence of DNA bases wm fQr 
substance. Once the base sequence of the gene cod g 
the proteineceous substance is known, the base sequence 

altered by methods Xnown in the art in order to imp 
20 ability of the proteineceous substance to mimic the 

previously described for salacting a proteineceous 
.usance which mimics a growth-inducing moiacule xs then 

followed. 

30 
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I claim 

1. A process for selecting a proteinaceous 
substance which mimics a growth- inducing molecule 

comprising the steps of: 
5 a . providing cells which require a growth- 

inducing molecule to stimulate cell growth and division and 
which have been transformed by recombinant DNA technique to 
Becrete proteinaceous substances not normally secreted by 

said cells; 

b. supplying said cells with growth medium 

deficient in said growth inducing molecule; 

c. growing said cells in said medium; 

d. collecting a subset of said cells which grow 

and divide; and 
15 e . isolating said proteinaceous substance from 

said subset of said cell6. 

2. The process of claim 1 wherein said 
proteinaceous substance is the translation product of 

synthetic genes. 
20 3 . The process of claim 1 wherein said 

proteinaceous substance is a peptide. 

4. The process of claim 1 wherein said 
proteinaceous substance is a protein. 

5. The process of claim 1 wherein said growth- 
25 inducing molecule is epidermal growth factor. 

6. The process of claim 1 wherein said growth- 
inducing molecule is dexamethasone . 
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7. The process of claim 1 wherein said growth- 
inducing molecule is an antigen. 

8. The process of claim 1 wherein said cells are 

a human diploid fibroblast. 
5 9 . The process of claim 8 wherein said human 

diploid fibroblast is WI-38. 

10. The process of claim 1 wherein said cells 

are immune system cells. 

11. The process of claim 10 wherein said immune 

10 system cells are B lymphocytes. 

12. A process of selecting cells which produce a 
proteinaceous substance which mimics a growth- inducing 
molecule, said proteinaceous substance being the 
translation product of synthetic genes introduced into saxd 

15 cells by a recombinant DNA technique, comprising the steps 
of: 

a providing cells which require a growth- 
inducing molecule to stimulate cell growth and division and 
which cells have been transformed by recombinant DNA 
20 technique to produce proteinaceous substances not normally 

secreted by said cells; 

b. supplying said cells with a growth medium 
deficient in said growth-inducing molecule; 

c. growing said cells in said medium; and 

d. isolating a subset of said cells which grow 

and divide. 
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13. The process of claim 12 wherein said 
proteinaceous substance is the translation product of 

oynthetic genes. 

14. The method of claim 12 wherein said 

5 proteinaceous substance is a peptide. 

15. The method of claim 12 wherein said 
proteinaceous substance is a protein. 

16. The process of claim 12 wherein said, growth- 
inducing molecule is epidermal growth factor. 

10 17. The process of claim 12 wherein said growth- 

inducing molecule is dexamethasone . 

18. The process of claim 12 wherein said growth- 
inducing molecule is an antigen. 

19. The process of claim 12 wherein said cells 

15 are a human diploid fibroblast. 

20. The process of claim 19 wherein said human 

diploid fibroblast is WI-38. 

21. The process of claim 12 wherein said cells 

are immune system cells. 
20 22. The process of claim 21 wherein said immune 

system cells are B lymphocytes. 

23. A process for selecting synthetic genes which 
code for a proteinaceous substance which mimics a growth- 
inducing molecule comprising the following steps: 
25 (a) . providing expression vectors which contain 

synthetic genes which code for a proteinaceous substance; 

(b) . transforming cells which require a growth- 
inducing molecule to stimulate cell growth and division to 
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include said expression vector thereby causing said cells 
to produce a protein.ceous substance which is the 
translation product of said synthetic genes in said 

expression vector; 
5 (c) . supplying said transformed cells with 

gr0 wth medium deficient in said growth- inducing molecule; 

(d) . growing said transformed cells in said 

growth medium; 

( d) . isolating a subset of said cell, which grow 

10 and divide; 

(C ) . removing said expression vector from said 

subset of said cells which grow and divide; and 

( f). analyzing said synthetic genes in said 

expression vector. 
15 24. The process of claim 23 wherein said 

proteinaceous substance is a peptide. 

25 . The process of claim 23 wherein said 
proteinaceous substance is a protein. 

26. The process of claim 23 wherein said growth- 
20 inducing molecule is epidermal growth factor. 

27. The process of claim 23 wherein said growth- 
inducing molecule is dexamethasone . 

28. The process of claim 23 wherein said growth- 
inducing molecule is an antigen. 

29. The process of claim 23 wherein said cells 

are a human diploid fibroblast. 

30. The process of claim 29 wherein said human 

diploid fibroblast is WI-38. 
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31. The process of claim 23 wherein said cells 

are immune system cells. 

32. The process of claim 31 wherein said immune 

system cells are B lymphocytes. 
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